The open source community (OSC) is a place to develop collective knowledge available to anyone, thereby inevitably engendering free riders. Despite this, many firms have contributed to OSCs. This study examines 10 Android smartphone manufacturers between 2010 and 2013 with regard to their (a) source code contributions and the relation of those contributions to (b) time to market as measured by the release of their first Android smartphones. The results of the analysis are divided into the following two groups: (A) a group that released smartphones faster than their competitors through source code contributions and (B) a group that made few source code contributions and was slower to release smartphones than group (A). In addition, in a few years, some firms were observed to have move from group (B) to group (A).
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Jing-Ming SHIU a) and Masanori YASUMOTO b) Abstract: The open source community (OSC) is a place to develop collective knowledge available to anyone, thereby inevitably engendering free riders. Despite this, many firms have contributed to OSCs. This study examines 10 Android smartphone manufacturers between 2010 and 2013 with regard to their (a) source code contributions and the relation of those contributions to (b) time to market as measured by the release of their first Android smartphones. The results of the analysis are divided into the following two groups: (A) a group that released smartphones faster than their competitors through source code contributions and (B) a group that made few source code contributions and was slower to release smartphones than group (A). In addition, in a few years, some firms were observed to have move from group (B) (Altman, Nagle, & Tushman, 2014; Baldwin & von Hippel, 2011; Lakhani, Lifshitz-Assaf, & Tushman, 2013) . For example, today's smartphone manufacturers have developed their smartphones using Android operating system (OS) source codes obtained from the Google-led open source community (OSC). However, the issue of inevitable free riders (Gabel, 1987) arises because OSCs keep all information on source codes open (West, 2003) . Furthermore, 70% of the contributors in the Linux and Apache OSCs make no more than a single contribution of source code changes (Kogut & Metiu, 2001) . Nevertheless, some Android smartphone manufacturers proactively contribute source codes to new versions of the Android OS (Shiu, 2012) . Why do these firms exist?
Over the years, existing debates on OSCs have focused on the motivations of individual developers regarding why they would make source code contributions (see David & Shapiro, 2008; Fujita & Ikuine, 2013 Raymond, 1997; Takahashi & Takamatsu, 2002 von Krogh, Spaeth, & Lakhani, 2003) . These studies have, for example, noted the importance of feedbacks from users (Fujita & Ikuine, 2014) , early software releases, and frequent upgrades by OSC leaders (Fujita & Ikuine, 2013; Raymond, 1997; Takahashi & Takamatsu, 2002 . However, few studies have examined the motivations of "firms" that contribute source codes to an OSC (Nagle, 2015) . Clearly, firms differ from individuals, and they do not contribute to an OSC simply for their own prestige or to pursue their hobbies. In addition, when contributing source codes to an OSC, fear of spillovers exists whereby a firm's technologies can be used free of charge by other firms.
Firms that participate in an OSC communicate with managers of an OSC (Sulayman, Sowe, & Stamelos, 2008) , thereby exploiting knowledge with regard to the latest source codes. Concerning this point, this study posits that Android smartphone manufacturers contributing to the Android OSC can release their products to the market faster than other firms. 1 This is because these manufacturers receive early access to knowledge regarding the latest versions of the Android OS by communicating with OSC's manager, Google. Table 1 lists 
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This study examined 10 Android smartphone manufacturers. The result demonstrated that they can be categorized into two groups: (A) those that are faster than competitors in releasing products to the market due to their high source code contributions and (B) those that are slower to release products to the market due to their few source code contributions. In addition, this study indicated that some firms Previous studies have noted that becoming a "first mover" in a market enables firms to gain relatively greater rewards (Suarez & Lanzolla, 2007) . Such studies have presumed that reinforcing internal R&D helps the acquisition of external technologies faster than competitors (Cohen & Levinthal, 1989 , 1990 . Meanwhile, collective intelligence (e.g., problem solving in collaboration with multiple external firms in OSCs, von Hippel & von Krogh, 2003) represents an important mechanism for enhancing the knowledge inputs of the firm, which have been shown to contribute to productivity (Hulten, 2010) . Nagle (2016) referred to this effect as "learning by contributing" in contrast to the traditional "learning by doing" (Levitt & March, 1988) . For example, Nagle (2016) revealed that contributions to a Linux OSC enable a firm to achieve a productivity of approximately 11%. 6 In addition to the relation between OSC contributions and productivity, this study further identified a link between OSC contributions and time-to-market advantage.
Further, Sony has made many source contributions but did not appear to be strictly pursuing time to market alone. Furthermore, Motorola and Sony make many source code contributions at the product software level (application and framework) in contrast to the hardware level (Hard Architecture Layer or HAL and Kernel) wherein Samsung and LG make many of their contributions pursuing time to market. Additional examination of this area is left to future studies. 
